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the claims: 



pages 
pages 



as originally filed/furnished 
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pages* received by this Authority on with the letter of 
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Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 



Inventive step (IS) 



Industrial applicability (lA) 



Clarnis 


1-36 


YES 


Claims 




NO 


Claims 


1-36 


YES 


Claims 




NO 


Claims 


1-36 


YES 


Claims 




NO 



2. Citations and explanations (Rule 70.7) 
NOVELTYnsn , 

Claims 1-36 . i ^ 

Dl- Derwent Abstract Accession No. 84-109393/18, Class E3 1, JOl, M25, ES 8401 143 A(Schortmann P C) 16 

February 1984 

D2- US 3903235 (Cardwell et al.), 2 September 1975 

D3- GB 2109357 A (Council for Mineral Technology (South Africa)), 2 June 1983 
D4- WO 1998/014623 (International Curator Resources Limited), 9 April 1998 

D5- CA 1223242 A (Granted to Majesty (Her) in right of Canada as represented by the Minister of Energy, Mines and 
Resources, Canada), 23 June 1987 

D6- WO 2002/022896 Al (Commonwealth Scientific and Industrial Research Organisation), 21 March 2002 

None of the above documents (D1-D5) disclose a process of solvent extracting nickel and cobalt from a leach 
solution, wherein the solvent contains a carboxylic acid, an aliphatic hydroxyoxime and a kinetic accelerator. 
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According to one embodiment, the recovery step comprises 
selective stripping of the organic phase to separate the 
cobalt from the nickel. The cobalt may thereafter be 
5 recovered from the loaded aqueous strip liquor, and the 
nickel recovered from the selectively stripped organic 
solution by bulk stripping . 

Brief Description of the Drawings 

10 

The invention will be described in further detail with 
reference to the following figures which relate to 
embodiments of the invention. 

15 Figure 1 is a schematic flow chart of the steps of the 
process of one embodiment of the invention. 

Figure 2 is a more detailed schematic flow chart of a part 
of the process illustrated in Figure 1 . 

20 

Figure 3 is a schematic flow chart of a second embodiment 
of the invention, which is a variation on the process 
illustrated in Figure 2 . 

25 Figures 4 and 5 are graphs comparing extraction pH 

isotherms of metals using a comparative extraction system 
(Figure 4) and the extraction system containing Versatic 
10 and LIX63 (Figure 5) . 

30 Figure 6 is a graph showing the stripping kinetics of 
metals from a loaded organic phase from the extraction 
system of a second embodiment of the invention. 

Figure 7 is a graph showing the Extraction pH isotherms of 
35 metals from the organic phase of system of Figure 6. 
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THE CIAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A process for the separation of nickel, cobalt or 
both from impurity elements selected from one or more of 

5 calcium, magnesium, manganese and chloride contained in a 
leach solution, the process comprising the step of 
subjecting the leach solution to solvent extraction using 
a carboxylic acid, an aliphatic hydroxyoxime and a kinetic 
accelerator . 

10 

2. The process of claim 1, wherein the solvent 
extraction step comprises contacting the leach solution 
with an organic solution comprising the carboxylic acid, 
hydroxyoxime and kinetic accelerator . 

15 

3 . The process of claim 2 , wherein cobalt poisoning as a 
result of oxidation of cobalt (II) to cobalt (III) is 
avoided . 

20 4. The process of claim 2 or claim 3, wherein all of an 
organic phase separated from the solvent extraction step 
is subjected to stripping with an acid solution to strip 
metals present from the organic phase. 

25 5- The process of claim 4, wherein the stripping step is 
preceded by a scrubbing step . 

6 . The process of claim 4 or claim 5 , wherein the 
stripping step is a selective stripping step. 

30 

7. The process of any one of claims 2 to 6, wherein the 
organic solution displays fast extraction kinetics for 
nickel, cobalt, copper, zinc and manganese. 

35 8. The process of any one of claims 2 to 7 , wherein the 
organic solution is in contact with the leach solution for 
a period of 5 minutes or less. 
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9 . The process of claim 8 wherein the organic solution 
is in contact with the leach solution for a period of 3 
minutes or less. 

5 10. The process of claim 8 wherein the organic solution 
is in contact with the leach solution for a period, of 2 
minutes or less . 

11. The process of any one of claims 2 to 10, wherein the 
10 organic solution comprises a stabilizer against 

hydroxyoxime degradation . 

12 . The process of claim 11 , wherein the stabilizer 
reduces oxidation and/or hydrolysis of the hydroxyoxime. 

15 

13. The process of claim 12, wherein the stabilizer is an 
anti-oxidant . 

14. The process of any one of claims 1 to 13, wherein the 
20 solvent extraction step effects extraction of a large 

proportion of the nickel, cobalt, copper and zinc into an 
organic phase, to the extent that these elements are 
present, with a large proportion of the calcium, 
magnesium, manganese and chloride being rejected to the 
2 5 aqueous phase . 

15. The process of any one of claims 1 to 14, wherein the 
leach solution contains impurity elements selected from 
one or more of calcium, magnesium, manganese and chloride, 

30 optionally together with copper and/or zinc. 

16. The process of any one of claims 1 to 15, wherein the 
leach solution is a solution that has been subjected to a 
preliminary iron and/or aluminium precipitation step to 

35 precipitate out iron and/or aluminium to leave an aqueous 
leach solution containing the target elements and impurity 
elements other than iron and alximinium. 
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17. The process of any one of claims 1 to 16, wherein the 
carboxylic acid is 2-methyl, 2-ethyl heptanoic acid or a 
cationic exchange extractant having extraction 

5 characteristics similar to 2'-methyl, 2-ethyl heptanoic 
acid. 

18. The process of any one of claims 1 to 17, wherein the 
hydroxyoxime is a chelating a-hydroxyoxime . 

10 

19. The process of any one of claims 1 to 18, wherein the 
kinetic accelerator increases the rate of extraction 
and/or stripping kinetics of nickel . 

15 20. The process of any one of claims 1 to 19, wherein and 
the pH of the aqueous phase in the solvent extraction step 
is maintained in the range of from 5 . 0 to 6 . 5 to effect 
extraction of the cobalt and/or nickel into the organic 
phase . 

20 

21- The process of claim 20, wherein the pH of the 
aqueous phase in the solvent extraction step is maintained 
in the range of from 5.5 to 6.0. 

25 22. The process of claim 21, wherein the organic phase 
from the solvent extraction step is subjected to 
scrtibbing . 

23. The process of any one of claims 1 to 22, wherein 
3 0 cobalt and nickel are extracted into the organic phase, 

and the organic phase is STibjected to selective stripping 
to separate to a significant extent the cobalt from the 
nickel . 

35 24. The process of claim 23, wherein the selective 

stripping comprises contacting the organic phase from the 
solvent extraction with an acidic aqueous solution to 
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yield (a) a loaded strip licpior containing cobalt, and (b) 
a selectively stripped organic solution containing nickel. 

25. The process of claim 24, wherein the acidic aqueous 
5 solution used in the selective stripping has a pH in the 

range of 3.0 to 4.0. 

26. The process of any one of claims 23 to 25, wherein 
the cobalt is recovered from the loaded strip liquor. 

10 

27. The process of claim 26, wherein the cobalt is 
recovered by cobalt precipitation. 

28. The process of any one of claims 23 to 27, wherein 

15 the nickel is recovered from the stripped organic solution 
from the selective stripping step. 

29. The process of claim 28, wherein the organic 
solution from the selective stripping step contains nickel 

20 and copper, and is STobjected to stripping with an aqueous 
acid solution to separate the nickel into the aqueous 
phase with only a small amount of the copper, followed by 
ion exchange to remove the copper, and the nickel is 
recovered from an eluate of the ion exchange. 

25 

30. The process of claim 22, wherein the scrubbed 
organic solution is stripped to obtain (a) a loaded strip 
liquor containing nickel and cobalt, and copper and zinc 
to the extent that copper and zinc are present, and (b) a 

30 stripped organic solution. 

31. The process of claim 30, wherein the loaded strip 
liquor is subjected to organophosphinic acid solvent 
extraction . 

35 

32. The process of claim 31, wherein the 
organophosphinic acid solvent extraction produces (a) a 
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loaded organic solution which contains cobalt (and zinc 
and copper, to the extent they are present) , and (b) an 
aqueous raffinate containing nickel. 

5 33, The process of claim 32, wherein the loaded 

organic solution from the organophosphinic acid extraction 
is scrubbed, the scrubbed organic solution containing 
cobalt (copper and zinc) is subjected to stripping with 
sulphuric acid at an appropriate pH, the loaded strip 
10 liciuor containing cobalt (copper and zinc) is subjected to 
ion exchange to remove copper and zinc present, and cobalt 
recovered from the eluate . 

34. The process of claim 33, wherein nickel is recovered 
15 from the aqueous raffinate from the organophosphinic acid 

extraction . 

35. The process of any one of claims 1 to 34, wherein 
scrubbing is conducted on the organic phase after each 

20 solvent extraction. 

3g ^ product recovered by the process according to 

any one of claims 1 to 35 - 
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